The assessment of optic atrophy in childhood sometimes presents a distinct problem because, quite apart from the difficulty in attempting to determine the cause of the optic atrophy, there may even be a difficulty in the recognition of the optic atrophy as such because of the wide variations in the appearances of the normal optic disc in early life; thus an apparent degree of pallor may be physiological, and in this respect the child's optic disc resembles that of the elderly, which sometimes provides a misleading impression on ophthalmoscopic examination. It follows that an examination of the optic disc in early childhood must be carried out with meticulous care and should include an assessment of the fine arterioles supplying the tissues of the optic nervehead as well as its colour. Furthermore, the difficulty which is experienced sometimes in reaching a precise conclusion, even after a careful examination, determines the fact that the assessment of the optic disc must be regarded in the context of the extent of the suspected visual defect and in the context of the general state of the young child; otherwise unnecessary parental anxiety may be caused by a too hasty and unwise decision. Indeed, in some cases when the presence or the extent of the optic atrophy is uncertain it is essential to carry out electrodiagnostic tests, particularly the electroretinogram and the visually evoked cortical responses, in order to obtain more precise information.
It is also important to recognize certain congenital anomalies of the optic disc which are distinctive from optic atrophy, such as an isolated congenital coloboma of the optic disc which may have little or no adverse influence on the visual function of the eye; a congenital coloboma of the optic disc may be quite obvious on ophthalmoscopic examination because of the marked enlargement of the optic disc as the result of a spread of the colobomatous changes into the retina and choroid in the peripapillary region (Fig 1) ; or it may be less obvious because the first impression of the disc may suggest an advanced form of pathological cupping as the result of a gross enlargement of the physiological cup (Fig 2) . It is remarkable that the vision is seldom seriously affected in a congenital coloboma of the optic disc provided there is no encroachment into the macular area, but sometimes there may be an arcuate scotoma.
It must be recognized, however, that a congenital coloboma which is part of a more widespread congenital coloboma of the lower part of the fundus as the result of a failure of closure of the fetal fissure at an early stage of the development of the eye is more liable to cause a fairly marked defect of the vision, particularlywhen the coloboma extends into the macular area.
A further congenital anomaly of the optic disc, optic disc hypoplasia, must be considered because it is liable to be regarded as a form of optic atrophy on an insufficiently detailed scrutiny of the optic disc. An optic disc hypoplasia is the result of a developmental anomaly which is of a nonprogressive nature, and may be unilateral or bilateral. Hypoplasia of the disc is essentially a form of hypoplasia of the optic nerve in which there is a poverty or an absence of nerve fibres in the optic nervehead and usually also in the adjacent part of the optic nerve, although the framework and blood vessels of the nerve are present. A hypoplasia of the optic disc may occur as an isolated event in an otherwise healthy eye, but sometimes there is an associated ocular anomaly, such as microphthalmos, or a neurological disorder or an endocrinal dysfunction. The condition is apparent ophthalmoscopically as a small excavated optic nervehead which is grey or white in colour, and sometimes there is an attenuation of the retinal arteries. Unfortunately, the small size of the optic disc may be overlooked because this is a feature of the hypermetropic disc in early childhood, but the true nature of the condition should be recognized on careful ophthalmoscopic observation and this is facilitated when there is a faint surrounding circular line which represents the outline of what 10 should have been the extent of the optic disc in the absence of the hypoplasia (Fig 3) .
There is frequently a pendular type of nystagmus (searching movements of the eyes) but this is merely confirmation of a marked defect of the central vision and is not unique to this condition. The electroretinogram is normal because this is a measure of the potential function of the outer part of the retina (retinal receptors and bipolar cells), but the visually evoked cortical responses are absent or abnormal. A hypoplasia of the optic nerve affects the vision to varying degrees; there may be complete blindness or a gross reduction in vision, but sometimes the defective vision is limited to one-half of the nerve fibres (nasal or temporal), to a sector of the nerve fibres, or to the fibres which subserve the macular area. The fact that a hypoplasia of the optic nerve is not necessarily complete is of great importance, particularly when the condition is unilateral, because the finding of a gross impairment of the vision of one eye may be to some extent due to an amblyopia of disuse, quite apart from the defective vision due to the hypoplasia, so that some improvement may follow energetic occlusion therapy of the unaffected eye.
It is important to recognize that optic disc hypoplasia may be associated with anomalies of midline structures in the brain, the so-called septo-optic dysplasia (de Morsier 1956) . More recently, Hoyt et al. (1970) have shown an association also with pituitary dysfunction. The neurological disorders take the form mainly of an absence of the septum pellucidum and a dilatation of the chiasmatic cistern which is shown on air encephalography. It seems likely that the failure of the development of the septum pellucidum is determined at the stage of 6 weeks' gestation when normally a thickening should develop in the dorsal part of the anterior wall of the neural tube within which the septum pellucidum forms at the stage of about 18 weeks; it is interesting that the differentiation of the ganglion cells of the eyes also occurs normally at the stage of 6 weeks, so that in septo-optic dysplasia both these processes have been associated in a simultaneous anomaly of development. It seems likely that anomalies of endocrine function result from an extension of the midline abnormality into the hypothalamus, which accounts for the abnormal dilatation of the chiasmatic cistern. Sometimes there are several clearly delineated abnormalities of hypothalamicpituitary function, but the most frequent is a deficiency of growth hormone, and this is susceptible to treatment with growth hormone so that a satisfactory rate of growth is achieved provided the defect is recognized at a sufficiently early age (Brook et al. 1972) .
In this Address I shall discuss only the following topics: inherited optic atrophy, optic atrophy in hydrocephalus, and consecutive optic atrophy; the last will form the main contribution because it has been of particular interest to me for several years.
Inherited Optic Atrophy It is evident that there are several different hereditary conditions which produce optic atrophy, and each of these has distinctive clinical and genetic features.
It is obvious that the optic atrophy which is inherited in a dominant manner is most frequently recognized as such so that it has commanded undue interest. The dominant form of optic atrophy may be considered to be of two types:
(1) The type which becomes manifest in infancy and which is usually of a severe nature. This is a rare condition in which atrophic changes occur in optic nerve fibres which have formed, in contrast to an optic nerve or optic disc hypoplasia in which there is a partial or complete failure of the development of the optic nerve fibres. The condition is usually evident at or shortly after birth and the optic discs appear white and atrophic (Fig 4) . There may be complete or more or less complete blindness so that the eyes carry out continuous searching movements, or extremely poor vision with a restriction of the visual fields, and there is usually an ocular form of pendular nystagmus. Sometimes a limited form of vision may be present and it is interesting that such cases retain this indefinitely, unlike certain other forms of profound optic atrophy in early childhood which usually show further deterioration with the passage of time. It is rare for congenital optic atrophy to be associated with other general conditions. although deaf mutism. microcephaly and encephalocele have been present in isolated cases. It is also rarely associated with ocular abnormalities.
(2) The type which presents in later childhood and which is of a more insidious nature over a period extending from the age of about 3-4 years until the early teenage period. The loss of vision is rarely severe and indeed sometimes the condition remains unrecognized until the pallor of the optic discs is noticed during a routine inspection of the eyes; this pallor varies from a mild degree of temporal pallor ( Fig 5) to a more uniform pallor of the whole optic disc. The visual field defects are variable but tend to be of a centrocecal nature Recently a family has been observed in which the mother and her two sons had a congenital form of cataract in addition to the optic atrophy.
There is also a form of optic atrophy in childhood which is of a recessive nature; there are at least two different types. one presenting in infancy and the other developing later. In both types the parents are apparently healthy carriers so that the true nature of the condition is only apparent when there is a similar involvement of other siblings. It is evident, therefore, that it may be incorrect to regard the recessive forms as being less frequent than the dominant ones because they may simply not be recognized as such.
In any discussion of inherited optic atrophy in early childhood it is important to take regard of the hereditary optic atrophy (Leber's optic atrophy) in which the transmission is usually thiough the female. It occurs typically in the male in the late teenage period, but it may also occur in females, and in male and female children in the first decade in families in which several members show the typical features of Leber's disease (Wilson 1967) . It seems possible that Leber's disease is a clinical manifestation of an inborn metabolic error of cyanide detoxication, that is, in the conversion of cyanide to thiocyanate, with a reduction in the thiocyanate of the body fluids which comes from two sourcesthe diet and the detoxication of cyanide (Wilson 1963 (Wilson , 1965 , with associated environmental influences, such as an exposure to tobacco smoke, or with an episode of urinary tract infection, to account for the variation in the clinical manifestations and for the sometimes relatively late onset of the condition. It follows that in cases of Leber's optic atrophy massive doses of hydroxocobalamin (which causes a detoxication of cyanide) or the treatment of any associated urinary infection may be of distinct value. This is a relatively rare condition characterized by an acute or subacute failure of central vision so that it presents as a retrobulbar neuritis or optic atrophy. It is unusual for the condition to be unilateral and it is also unusual for it to undergo resolution, although after an interval of several months when the condition remains static some degree of improvement is possible. The involvement of the optic nerves dominates the clinical picture of the condition, but there is occasionally evidence of an associated diffuse neurological disorder: asymmetrical spasticity and hyperreflexia of the lower limbs, extensor plantar responses, paresthesia of the lower limbs, dementia, motor neurone disease, deafness, and episodic loss of consciousness.
Optic Atrophy in Hydrocephalus
Optic atrophy is a common feature of hydrocephalus and it may be produced in different ways , Harcourt 1968 ). It may follow a shift in the position of the brain-stem so that there is a stretching of the optic nerves or chiasma with a consequent disturbance of the nutrient vessels to these structures. It may follow meningitis and this is a ready complication when the hydrocephalus is associated with a meningomyelocele (a form of spinal dysraphism) as the result of a direct spread of infection or as the result of a blood-borne spread following a chronic infection of the urinary tract; the meningitis is liable to cause a toxic encephalopathic state with a secondary rise in the intracraniAl pressure, or sometimes it may cause a toxic cardiopathy with the production of a right-sided cardiac failure which may lead to an increased intracranial pressure in the presence of a Spitz-Holter valve because of an interference with the ventriculo-atrial drainage shunt. It may follow a precipitous dilatation of the third ventricle which causes pressure in the region of the optic chiasm and this may lead to sudden and complete blindness which is permanent unless the pressure is relieved as a matter of extreme urgency. In this connexion mention should be made of the persistent turning down of the eyes (the so-called 'setting sun phenomenon') which is sometimes a feature of hydrocephalus and is regarded as the result of a pressure effect on the brain-stem in the region of the anterior end of the third ventricle.
It is obvious that a satisfactory equilibrium of the hydrocephalic state is achieved only when there is harmony between the mechanisms of formation and absorption (real or artificial) of the cerebrospinal fluid, and this equilibrium must inevitably be in a precarious state in certain cases for several years so that a failure may occur spontaneously or may be precipitated by a head injury, even of a relatively minor nature, or sometimes by an unwise ventricular or lumbar puncture. Furthermore, any rise in the intracranial pressui e is liable to be particularly serious when there has been already a premature partial synostosis of some of the skull sutures, and there is evidence that this is prone to occur when there has been a long period of intracranial hypotension following a ventriculo-atrial -drainage procedure. The consecutive optic atrophy which may occur simply as the result of papillcedema and which may be a feature of hydrocephalus is discussed later. It should be noted that it is possible for optic atrophy to be the result of a development defect, such as an optic disc or optic nerve hypoplasia, so that in such an event the hydrocephalus is merely an associated developmental anomaly and not the cause of the apparent optic atrophy.
It is important to remember that the loss of vision, or even blindness, which occurs in hydrocephalus is not necessarily the result of an optic atrophy, even when there is evidence on ophthalmoscopic examination of some degree of optic atrophy, because of the development sometimes of a form of cortical blindness. This cortical blindness is the result essentially of a waterlogging of the brain, and it is likely that the rapidity of the process in certain cases is fostered by an underlying hypoxia on account of the impairment of the cerebral circulation which is inevitable in hydrocephalus, such as that which follows the impingement of the posterior cerebral arteries at the edge of the tentorium cerebelli . Certainly, there are several factors which appear to predispose to the development of cortical blindness in hydrocephalus: septiczmia, peritonitis, meningitis, the performance of multiple operations to control the hydrocephalus (particularly when these are of a bilateral nature), trauma or convulsions. It is obvious, of course, that there must be a bilateral cortical involvement because a unilateral involvement would cause only a hemianopia with the retention of useful vision. It should be noted that the cortical blindness which develops with dramatic suddenness is akin to the rapid blindness which occurs when the function of the optic chiasm is disrupted by a rapid en-largement of the third ventricle, but this is only from a symptomatic point of view, and the two forms of blindness have different modes of origin and different clinical features; in cortical blindness the diagnosis is established with certainty only by an investigation of the visually evoked cortical responses (VER), which are absent, whereas in the other form of blindness the optic discs develop a profound degree of atrophy and the enlargement of the third ventricle may be demonstrated by radiographic methods such as air ventriculography.
Consecutive Optic Atrophy It is more or less inevitable that some permanent defect of the vision, usually of both eyes, is liable to occur when there is a lesion which causes a direct involvement of the afferent visual pathways, such as a craniopharyngioma which frequently produces a pressure effect on the nutrient vessels of the optic chiasm or of one or other of the optic nerves, or a hydrocephalus when it produces a pressure effect on the posterior part of the chiasm. It must be accepted, therefore, in such cases that there is likely to be some permanent disorder of the vision, even though the underlying condition may respond to appropriate measures of treatment. Here I wish to draw attention to a group of children who have suffered varying degrees of permanent visual disturbance induced by a plerocephalic cedema which was of sufficient intensity, or which persisted for a sufficiently long period, to cause varying degrees of optic atrophy; this form of optic atrophy is conveniently termed 'consecutive optic atrophy'.
In my experience this plerocephalic cedema may occur in three different ways: (1) Most commonly it occurs as the result of a spaceoccupying lesion, particularly in the posterior cranial fossa, which causes a significant increase in the intracranial pressure, and this will be illustrated by a series of cases showing the devastating effects of the plerocephalic cedema, sometimes within a relatively short period. (2) It occurs in association with hydrocephalus, but usually in hydrocephalus the visual defects are only related in a very limited way to the plerocephalic oedema, as discussed earlier.
(3) It is a feature of benign intracranial hypertension, but this is seldom sufficiently intense to cause obvious optic atrophy. Mention is made also of the papilloedema which may occur in leukemia when a plaque of lymphomatous tissue involves the region of the optic nervehead.
In the following 12 cases varying degrees of optic atrophy occurred in space-occupying lesions of the brain in children because of the development of plerocephalic cedema.
Case 1 M A Z, boy aged 3j
There was evidence on his first examination of papillcedema which was so extensive that it was difficult to assess the colour of the optic discs. The vision was reduced in each eye to an awareness of hand movements and there was some attenuation of the retinal arteries so that there was almost certainly a considerable degree of optic atrophy; and yet the examination of his eyes was carried out only eight weeks after the development of the first signs of any disordervomiting and unsteadiness of gait. He was found to have a medulloblastoma of the cerebellum which filled the fourth ventricle and extended through the whole vermis and the posterior periaqueductal region.
When he was examined originally there seemed to be a gaze palsy to the right so that he tended to maintain his eyes in a position of laevoversion with a compensatory head posture which consisted of a face turning to the right. Subsequently he was able to carry out movements of the eyes to the right with some limitation of abduction of the right eye so that he almost certainly had developed also a right VI nerve palsy at the time of the increased intracranial pressure. Two months later there was evidence of some limitation of adduction of the left eye with nystagmoid jerks of the right eye on carrying out a movement of abduction, and it seemed likely that he had developed a partial form of internuclear ophthalmoplegia. His general condition improved following the removal of the tumour, together with a posterior fossa craniotomy, with postoperative irradiation, but the vision only improved to a level of 2/60 in each eye; the peripheral visual fields appeared to be full on a confrontation test.
It is interesting, however, in this case that when I saw him again two years later he had a level of vision in each eye of 6/12 despite an obvious optic atrophy of the consecutive type. His close reading vision was reduced to a level of N12 in each eye even with the correction of a moderate degree of hypermetropia (right+1.75, left+1.75), and this relatively greater defect of his near as compared with his distant vision appeared to be related to a fine film of posterior cortical cataract in each eye which almost certainly followed the prolonged administration of systemic steroids two years previously.
Case 2 M D, boy aged 4 He had had frequent attacks of vomiting from the age of 9 months, but various investigations which were carried out did not reveal any precise cause for this, and it was not until a few weeks before his fourth birthday that he was admitted to The Hospital for Sick Children, Great Ormond Street, because of the development of ataxia, and he was found to have a long-standing plerocephalic cedema. This was the result of a craniopharyngioma which was dealt with by neurosurgical treatment followed by irradiation. Despite the presence of an obvious optic atrophy in each eye, particularly the right, and the almost certain long-standing nature of the condition he retained a good level of vision in the right eye (6/9) and some vision in the left eye (6/36). It is obvious, of course, that in any case of craniopharyngioma a considerable degree of visual disturbance may occur because of a pressure effect on the optic chiasm or on the optic nerves, but in this case the optic atrophy and the defective vision were almost certainly the result to some extent of the papillcedema because there was no obvious disturbance of the peripheral visual field of either eye.
Case 3 M H, boy aged 5 Investigations were carried out because of frequent attacks of vomiting over a period of three months and at that time he was found to have a marked degree of optic atrophy in association with plerocephalic cedema. There was evidence of a cystic lesion of the cerebellum which was removed, but the precise histological nature of the lesion proved to be difficult to determine: the initial impression of a spongioblastoma was changed to a medulloblastoma, but finally it was regarded as a hemangioblastoma.
There was a full peripheral field of vision in each eye as judged by a confrontation test, but the vision was reduced to hand movements in the right eye and counting fingers in the left eye as the result of a dense central scotoma in each eye due to consecutive optic atrophy.
Case 4 N B, boy aged 7 Referred to me by his family doctor with a history of intermittent headaches for nine months In the right eye there was an insignificant degree of hypermetropic astigmatism and the vision was normal for distance and for near (6/6 and N5). In the left eye there was a moderate degree of hypermetropic astigmatism and this correction had no significant influence on the unaided vision in the distance which was reduced to 6/18; the close reading vision was normal (N5) with or without the correction. There was no evidence of any deviation on a careful cover test but it was evident that he had a left microtropia with a slight degree of eccentric retinal fixation and anomalous retinal correspondence in which the angle of eccentricity was equal to the angle ofanomaly, hence the absence of any deviation on the cover test. It was reasonable to assume that the defective vision of the left eye represented an anisometropic form of amblyopia because of the presence of a central scotoma on the 4 prism dioptre test.
It seemed, therefore, that there was no ocular abnormality to account for this boy's headache but six months after I saw him he had two attacks of hemiplegic migraine with the later development of a left hemianopia, and despite detailed neurological investigations it was not until eighteen months later that he was found to have a thalamic tumour which was subjected to irradiation. I saw him again nine months after this treatment and there was a slight further reduction of the vision of both eyes (right eye 6/9 partly and N5 with difficulty; left eye 6/18 and N6) which appeared to be related to a long-standing plerocephalic cedema with a suggestion of a slight degree of pallor of the left optic disc, but the greater defect of the vision of the left eye was almost certainly related also to the anisometropic form of amblyopia which had been found previously.
Section oJ Ophthalmology
Case 5 C S, boy aged 7 He developed a stiff neck and pain in the occipital and temporal regions of his head with subsequently a defect in his vision which increased dramatically three months later when an air ventriculography was carried out as part of the neurological investigations. There was evidence of a well-marked plerocephalic cedema with an irregular dilatation of the retinal veins and with areas of narrowing of the retinal arteries near the optic discs, and the vision was reduced to light perception, but after intensive treatment with systemic steroids the vision improved within a few days to a level of 6/36 in the right eye and 6/24 in the left eye, and a few days later to 6/12 partly in the right eye and 6/18 in the left eye. The underlying condition was considered initially to be a benign intracranial hypertension but subsequently he was found to have an extensive subdural hamorrhagic effusion.
Case 6 C M, girl aged 8 This girl presented with ataxia. There was considerable doubt about the diagnosis of her neurological condition but it was suspected that she had a tumour of the cerebellum, and this appeared to be confirmed by air studies which showed an obstruction in the posterior end of the third ventricle. A decompression was carried out but there was no evidence of any tumour formation on inspection and a needling biopsy of the apparently affected regions also proved negative, so that the diagnosis of a nonmalignant condition such as a viral encephalitis was considered as a possibility despite the presence of the longstanding papillkedema. Some weeks later, however, it became evident that she had a medulloblastoma of the cerebellum; unfortunately by that time there was a considerable degree of consecutive optic atrophy so that the vision was reduced to a level of 1/60 and N18 in the right eye and i/60 and N24 in the left eye, even though the period which had elapsed from the first manifestation of the condition was only nine weeks.
Case 7 S C, girl aged 10 She had developed headaches at the age of 9 years but little attention was paid to these until about one year later when she developed diplopia following a paresis of the left VI cranial nerve. She was found then to have a long-standing papilloedema (presumably for at least one year), as the result of a cystic form of astrocytoma of the cerebellum, but despite the development of some degree of optic atrophy of a consecutive type, particularly in the left eye, she retained a good level of vision in the right eye (6/9) and a restricted level of vision in the left eye (6/36).
Case 8 J J, girl aged 11 There was a history of headaches and vomiting over a period of five weeks before her admission to hospital for investigation and she was found then to have an astrocytoma of the cerebellum. She complained of defective vision ten days after the onset of the headaches and vomiting, and at that time her parents detected an undue degree of dilatation of the pupils. I saw her two weeks after her admission to hospital, following the removal of the tumour, and she was then completely blind in both eyes. There was evidence of a long-standing papillcedema with a considerable degree of optic atrophy and with obvious cedematous changes in the macular area.
It is reasonable to assume that her parents were fairly alert as far as her eyes were concerned because they had detected a left exotropia which developed shortly after the age of 2 years for which they sought early advice and, following the provision of glasses and a period of occlusion of the right eye, surgical treatment was carried out. Since then she was seen regularly in'the out patient department of the hospital; her last visit was five months before the onset of the development of the headaches and vomiting. It is difficult in this case to determine the time of onset of the papilloedema, but certainly it caused complete and permanent blindness within a period of a few months.
Case 9 H J, boy aged 13 There was a history of the development of headaches and vomiting for four weeks before his admission to hospital when he was found to have an astrocytoma of the right temporo-occipital region. I saw him two months later when he was referred to the Royal Marsden Hospital for irradiation, and his vision was reduced to hand movements in each eye with a loss of the nasal field in the right eye and of the temporal field in the left eye (left homonymous hemianopia). There was evidence of a consecutive form of optic atrophy of each eye with blurring of the disc margins and some attenuation of the retinal arteries. It is almost certain that the plerocephalic cedema accounted largely for the defective central vision, because as a general rule a hemianopic field defect as the result of pressure on the optic radiation is compatible with the retention of central vision (the so-called 'macular escape').
Case 10 I S, girl aged 11 She had developed fairly severe headaches at the age of 7 years which had recurred at various times since then, sometimes in association with vomiting, but various examinations were carried out with negative results, and it was not until four years later that it was considered she had a pinealoma, although she had no form of neurosurgical exploration. At that time her vision was reduced to 6/36 in the right eye and 6/18 in the left eye as the result of a partial optic atrophy in association with a low-grade papillcedema so that the optic atrophy was of a consecutive type. Following irradiation of the posterior fossa there was an improvement in her vision to 6/9 partly in the right eye and 6/6 partly in the left eye.
Case 11 P R, girl aged 13 There was a history of the development of headaches, vomiting and impaired vision one month before her admission to hospital for investigation when she was found to have a medulloblastoma of the cerebellum; she also developed an unsteadiness of gait one week after the onset of the other manifestations. The tumour was removed a few days after her admission to hospital, and I saw her two weeks later when she was referred to the Royal Marsden Hospital for irradiation. The vision of the right eye was reduced to hand movements over the whole of the visual field and the left eye was blind (no perception of light). There was a considerable degree of optic atrophy, particularly of the left optic disc, and some residual papilloedema.
There was an associated anomaly of ocular movement with an absence of all lateral movement, but with a retention of vertical movement. Each eye was maintained in a position of divergence, and this divergence increased on looking up and decreased on looking down. It seemed almost certain that these findings were an indication of the involvement of the brain-stem.
Case 12 G M, boy aged 14 There was a history of an awareness of diplopia at certain times during the previous eight months, and there was evidence then of a left esotropia in association with a left hypotropia. It was apparent, however, that this squint was somewhat unusual because it was associated with some limitation of elevation of the left eye, some limitation of movement of both eyes on looking to the left, and some limitation of adduction of the left eye. There was evidence also of a moderate degree of nystagmus of both eyes on lateral versions which was more marked in the abducted than in the adducted eye. There was no papilloedema or optic atrophy, and the vision of each eye was normal for distance and near (6/6 and N5). Many investigations were carried out because the disturbances of ocular motility suggested some lesion of the brain-stem, but it was not until six months after the onset of diplopia that the diagnosis of a pontine glioma was established. Unfortunately by that time he had become completely blind (no perception of light in either eye) as the result of a consecutive form of optic atrophy.
Benign Intracranial Hypertension
A consecutive form of optic atrophy may occur in benign intracranial hypertension when the condition persists for a sufficiently long period of time or when it is of a particularly intense nature, but it is a rare condition in childhood. This is a peculiar disease because of its extremely uncertain nature despite its recognition for nearly a quarter of a century. The main feature is a persistent headache which is found on investigation to be associated with papillcedema but in the absence of any other focal neurological signs, except occasionally for a paresis of the VI cranial nerve, even on extensive neurological investigations, and the ventricular size is normal or even smaller than normal except for a few long-standing cases when some degree of dilatation may be found; this relative absence of other neurological features determined the original description of the condition as pseudo-tumour cerebri. It has been associated with various other conditions such as otitis media, particularly when there is also a thrombosis of the lateral and sagittal sinuses (the association with otitis media determined the adoption at one time of the term 'otitic hydrocephalus'), and meningitis, and it has also been associated with certain drugs, such as tetracycline and the oral contraceptives and with the withdrawal of corticosteroid therapy in children after a prolonged period of treatment.
It is obvious that the prevention of consecutive optic atrophy must be concerned primarily with the basic underlying condition so that the pressure effects of the oedematous state of the optic nervehead are relieved as the result of an amelioration of the primary lesion by the most appropriate proceduresneurosurgical, neuroradiotherapeutic, &c. It is evident, however, from many of the cases put forward in this Address that even in children, when the minute vessels supplying the nervous tissues of the optic nervehead might be considered to be more resilient to the effects of pressure than in an elderly person afflicted with arteriosclerotic changes or in a person who has some vascular neuropathy, the relief of pressure is sometimes not sufficiently rapid to prevent a serious and permanent disturbance of the vision of one or frequently both eyes. It is tragic when the ultimately successful relief of the underlying lesion is marred by a serious visual defect, particularly in cases in which there has been no direct involvement of the afferent visual pathways in the disease process so that the visual loss is simply due to the plerocephalic cedema.
It is of considerable importance, therefore, to take recognition of surgical methods which are concerned with the localized relief of plerocephalic cedema, and these consist essentially of an incision in the dural sheath of the optic nerve within the orbit. Such a method was advocated originally over a century ago (de Wecker 1872) with modifications of his technique a few years later (Carter 1 887a, b, 1889), and since then various other methods have been described (Muller 1916 , Davidson 1969 , Smith et al. 1969 , Galbraith 1973 , Billson 1973 ), but it is only in recent years that real interest has been generated in this approach to the problem. It seems reasonable to consider the worthwhile effects of such a procedure in children with a plerocephalic cedema which is failing to resolve by appropriate treatment of the primary lesion.
It must be emphasized, however, that caution should be exercised because occasionally the procedure may be followed by a dramatic reduction in the visual acuity, despite evidence of a relief of the disc cedema. The cause of this is unknown but it may be akin to the loss of vision which may follow intracranial surgery for spaceoccupying lesions complicated by papillcedema. It follows that the technique of surgical relief of papillcedema by an incision of the dura mater of the optic nerve should never be carried out on both eyes at the same time.
It follows also that there must be a careful assessment of the cases which are appropriate for this form of surgical treatment, and this obviously imposes great clinical difficulties. It seems possible that the method of fluorescein angiography may provide distinct help in determining the cases in which the nerve fibres of the optic disc are at definite risk because of a critical reduction in the blood supply, and it is hoped that this will form a topic for future investigation.
Leukawmia
In conclusion I should like to mention that a consecutive form of optic atrophy may occur in leukemia when the cedema of the optic disc follows the deposition of a plaque of leukemic tissue in the optic nerve head (Fig 6) ; this is in contrast to the less marked cedema of the optic disc which is part of a leukiemic retinopathy which follows a sludging of the circulation (Fig 7) . The importance of recognizing the nature of the papilloedema which occurs as the result of such a plaque is the knowledge that the lesion will respond to the application of irradiation to the affected area with the avoidance of a consecutive optic atrophy provided there is no undue delay.
